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Abstract : Presence of proper fluidity is necessary for the highly specific functions of the biological membranes and this can be manipulated by 
external agents like different chemicals, drugs etc Diethylnitrosamine (DENA) is one of the most potent members of the carcinogenic nitrosamincs. 
which induces tumours in kidney, liver etc.. In order to reach its target DNA, DEN A has to pass through the cell membrane and in so doing it would affect 
membrane properties. However, till now there is no report on the effect of DENA on ihi.s aspect
Here, we report our study on the etfeci of DENA on the fluidity (measured in terms of anisotropy) of the liposomal membrane of dipalmiioyl 
phosphatidylcholine (DPPC) and that containing DPPC and cholesterol, using a fluorescent polarization probe as the reporter molecule The result 
indicates that DENA interacts with these liposomal membranes only when cholesterol is incorporated in them and there is a change in the vesicle si/e 
associated with the interaction
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1. Introduction
M e m b ra n e  f lu id i ty  p la y s  a  v e ry  im p o r la n t  ro le  in d e te rm in in g  
sev e ra l fu n c tio n a l p ro p e r t ie s  o f  m e m b ra n e , lik e  e n try  o f  fo tx l 
and d ru g  in c e ll ,  e x c re t io n  o f  u n w a n te d  p ro d u c ts , c e ll fu s io n , 
in v a s io n  b y  b a c te r i a ,  v i r u s  etc. [1 ] , T h is  f l u id i ty  c a n  be  
m a n ip u la te d  b y  th e  p re s e n c e  o f  e x te rn a l a g e n ts  o f  c h e m ic a l ( lik e  
d ru g s  etc.), b io lo g ic a l  (b a c te r ia ,  v iru s  o r  o th e r  d is e a s e s )  o r  
p h y s ic a l ( te m p e ra tu re ,  p H , o r ig in s . C a rc in o g e n s  a f fe c t th e  
m e m b ra n e  s t ru c tu re  a n d  fu n c tio n  to  a  c o n s id e ra b le  e x te n t . A  
m a jo r p ro p o r t io n  o f  h u m a n  c a n c e rs  h a v e  b e e n  e s t im a te d  to  he  
o f  e n v iro n m e n ta l o r ig in  su c h  a s  th o s e  c a u s e d  b y  s m o k in g  an d  
o c c u p a t io n a l c a r c in o g e n s  [2 ] . N - n i t r o s o d ia lk y la m in e s  a re  a 
g ro u p  o f  p o w e rfu l c a rc in o g e n s  th a t h a v e  b e e n  s h o w n  to  c a u se  
a w id e  ra n g e  o f  tu m o rs  in  a ll a n im a l s p e c ie s  te s te d  so  fa r  [3 ], 
T h e se  c o m p o u n d s , b e in g  p re s e n t  in  th e  w o rk  p la c e , p n x e s s e d  
m e a ts , c ig a r e t te  s m o k e  a n d  b e v e ra g e s ,  p o s e  a  p o te n tia l  h e a lth  
h a z a rd  to  h u m a n s  [4 ] . In  v ie w  o f  th e  u b iq u i to u s  o c c u r re n c e  o f  
th e i r  p r e c u r s o r s ,  N - n i t r o s o d i a l k y l a m i n e s  m a y  c o n t r ib u t e  
su b s ta n tia lly  to  th e  g ro w in g  in c id e n c e  o f  c a n c e rs  in  h u m a n s .
 ^ Correspondence Author
D ie th y ln it ro s a m in e  (D E N A ) fo rm s  o n e  o f  th e  m o s t p o ten t 
m e m b e rs  o f  th e  c a rc in o g e n ic  n itro .sam in es . It h as b een  fo u n d  to  
in d u c e  tu m o rs  in  k id n e y , liv e r, e s o p h a g u s  an d  re sp ira to ry  tra c t 
o f  v a r io u s  e x p e r im e n ta l a n im a ls  [3 ]. L ik e  o th e r  n itro sa m in e s , 
D E N A  is a s s u m e d  to  re q u ire  m e ta b o lic  ac tiv a tiem  in  th e  h o st 
o rg a n ism  to  e x e r t  its c a rc in o g e n ic  e ffe c t. T h e  tis su c -sp c c if ic  
e n z y m a t ic  N - d c a lk y l a t i o n  o f  D E N A  to  an  c lc c t r o p h i l l i c  
in te rm e d ia te  w h ic h  is c a p a b le  o f  e th y la tin g  D N A  is th o u g h t to  
be re s p o n s ib le  fo r  th e  m u ta g e n ic  p ro p e r tie s  o f  th is  c h e m ic a l 15|. 
R e p lic a tio n  o f  su ch  d a m a g e d  D N A  m ay  lead  to  s(jm atic  m u ta tio n  
a n d  c a n c e r  d e v e lo p m e n t. In o rd e r  to  re a c h  its ta rg e t D N A , th e  
c a rc in o g e n ic  c o m p o u n d  D E N A  h as  to  p a ss  th ro u g h  th e  ce ll 
m e m b ra n e  a n d  in  d o in g  so , it w o u ld  a f f e c t  th e  m e m b ra n e  
p ro p e r tie s , f lu id ity  b e in g  o n e  o f  th e m . B u t h o w  th is  c o m p o u n d  
a f fe c ts  th e  m e m b ra n e  b e fo re  p e n e tr a tio n  in to  th e  ce ll h a s  n o t 
b e e n  s tu d ie d  e a rlie r .
U s in g  l i p o s o m a l  m e m b r a n e  o f  th e  l i p id  d ip a l m i to y l  
p h o sp h a t id y lc h o lin e  (D P P C ), a  s y s te m  th a t is e x te n s iv e ly  u sed  
as  a  m o d e l fo r  th e  h ig h ly  c o m p lic a te d  n a tu ra l m e m b ra n e s , w e 
re p o r t  h e re  fo r  th e  firs t t im e  h o w  D E N A  a ffe c ts  so m e  o f  th e  
p h y sica l p ro p e rtie s  lik e  flu id ity  (m e a su re d  in te rm s  o f  an iso tro p y )
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a n d  c h a in  m e ltin g  te m p e ra tu re . W e h a v e  u se d  a  f lu o re s c e n t 
p o la r iz a t io n  p ro b e  1,6 -  d ip h e n y l -  1 ,3 ,5 -h e x a tr ie n e  (D P H ) as  
th e  re p o r te r  m o lecu le*  O u r  s tu d y  sh o w s  th a t D E N A  a ffe c ts  th e  
m e m b ra n e  p ro p e r tie s  o n ly  w h e n  c h o le s te ro l is p re s e n t in  th e  
m e m b ra n e  a n d  a s s o c ia te d  w ith  it th e re  is a  c h a n g e  in  th e  v e s ic le  
s i /e .
2. Methods
2 / ,  Preparation of DENA incorporated liposome
T h e  lip o so m e  o f  D P P C  a n d  D P P C  c o n ta in in g  c h o le s te ro l in  5 
m M  T ris -H C L , pH  7 .5 , bu lT cr w e re  p re p a re d  a s  fo llo w s . T h e  
lip id s  in c h lo ro fo rm  w e re  d r ie d  by  ro ta ry  e v a p o ra t io n  to  fo rm  a  
th in  film . T h is  w a s  s u s p e n d e d  in b u f lc r  an d  so n ic a te d  u s in g  a 
b a th  s o n ic a to r  ( Im e c o  u l i r a s o n ic a lo r  U P  2 5 0 P )  to  o b ta in  a  
u n ila m e lla r  s u s p e n s io n  o f  v e s ic le s . T h e  sa m p le  w as  s to re d  a t 
fo r  16 h rs  an d  o n c e  a g a in  so n ic a te d  fo r 3 0  m in s  b e fo re  u se  
161. T h e  fin a l c o n c e n tra tio n  o f  th e  lip id  w as 0.1 m M . T h e  m o la r  
ra tio  o f  lip id  : c h o le s te ro l w as  1 :0 .2 5 .
2 .2 . Fluorescence anisotropy measurements
D P H  (E b -d ip h e n y l -1 ,3 ,5 -h ex a lricn c ) d is so lv e d  in N , N -d im e th y l 
fo rm a m id c  w a s  a d d e d  to  th e  s o n ic a te d  su s p e n s io n  o f  lip o so m e  
to  a  fin a l c o n c e n tra tio n  o f  0 .5  |iM  (lip id  : D P H  in 1 : 0.(X)5 m o la r  
ra tio )  an d  in c u b a ted  fo r 15 m in  at 40"C . T o  th is  w as  a d d ed  D E N A  
(lip id  : D E N A  in  1 : 0 .5  m o la r  ra t io )  a n d  in c u b a te d  fo r  3 h rs  at 
2 5 ‘'C . T h e  s te a d y  s ta te  f lu o re s c e n c e  a n is o tro p y  o f  D P H  in 
l ip o so m e  is a  fu n c t io n  o f  th e  m e m b ra n e  v is c o s ity  a n d  is g iv e n  
by  th e  fo l lo w in g  e q u a tio n  [6 ]
w h e re , f  a n d  a re  th e  v e r t ic a l a n d  h o r iz o n ta l c o m p o n e n ts  o f  
th e  4 2 8  n M  e m is s io n  b a n d  o f  D P H  in th e  lip o so m e  w h ile  th e  
sa m p le  is e x c ite d  b y  v e r tic a l c o m p o n e n t o f  lig h t a t 3 6 0  nM . In all 
e x p e rim e n ta l se t-u p s , th e  f lu o re sc e n c e  in ten s itie s  w ere  ca lc u la te d  
a f te r  p ro p e r ly  e l im in a tin g  th e  lig h t s c a t te r in g  e f fe c t.  A  P e rk in  
E lm e r  s p e c tro f lu o r im e te r  w a s  u se d  to  m e a s u re  th e  s te a d y  s ta te  
f lu o re s c e n c e  a n i.so tro p y . A ll th e  e x p e r im e n ts  w e re  d o n e  in  
th e rm o s ia tc d  c e ll m a in ta in e d  a t a  c o n s ta n t te m p e ra tu re . T h e  
v a lu e s  r e p o r te d  h e r e  a rc  a n  a v e r a g e  o f  f iv e  in d e p e n d e n t  
e x p e r im e n ts  w ith  a  s ta n d a rd  d e v ia t io n  o f  5  % .
2.3, Electron microscopic studies
A n  a liq u o t  o f  th e  su s p e n s io n  o f  f re e  D P P C  lip o so m e  c o n ta in in g  
c h o le s te ro l a n d  D E N A  tr e a te d  D P P C  c o n ta in in g  c h o le s te ro l 
lip o so m e  w e re  u se d  fo r  th e  p re p a ra tio n  o f  th e  g r id s  a t 2 5 ”C . 
N e g a tiv e  s ta in in g  m e th o d  w a s  u se d  fo r  v ie w in g  th e  p ic tu re s . 
F ro m  b o th  g e l f i l t r a tio n  a n d  e le c tro n  m ic ro s c o p ic  s tu d ie s , th e  
a v e ra g e  s iz e  o f  th e  D P P C  lip o s o m e s  w e re  e s t im a te d  to  b e  2 5 0  ±  
4 0  A .  F o r  th i s  s tu d y ,  a  H i ta c h i  H - t r a n s m i s s i o n  e le c t r o n  
m ic ro s c o p e  o p e ra t in g  a t  7 5  K V  w a s  u se d .
3. Results and discussion
In  F ig u re  1, w c  h a v e  sh o w n  th e  e ffe c t o f  D E N A  on  th e  an iso tro p y  
o f  D P H  p ro b e d  D P P C  l ip o so m a l m e m b ra n e  in  th e  p re s e n c e  a n d
in  th e  a b s e n c e  o f  c h o le s te ro l .  T h e  r e s u lt  s h o w s  th a t D E N A  
d o e s  n o t a f fe c t th e  f lu id ity  p ro f ile  o f  D P P C  lip o so m e . H o w ev er, 
w h e n  D E N A  is in c o rp o ra te d  in th e  D P P C  lip o so m e  in p re se n c e  
o f  c h o le s te ro l,  th e  f lu id ity  p ro f i le  g e ts  m o d if ie d .
30 ^0 50 60
Figure 1. Fluorescence study of ihc effect of DENA on the anisotropy of 
liposomal membranes of (a) DPPC (!()'• M) (b) DPPC DENA (in 
1 0 5 molar ratio) (c) DPPC cholesterol (in 1 0 25 molar ratio)
A-A. (d) DPPC cholesterol ‘ DF.NA (in 1 0 25 • 0 5 molar ratio) o o
A ll  p h y s i c a l  m e a s u r e m e n t s  c h a r a c t e r i z e  th e  r o le  o f  
c h o le s te r o l  o n  le c i th in  l ip o s o m e  as o n e  o f  p r o d u c in g  "an 
in te rm e d ia te  flu id  c o n d itio n "  o f  th e  m e m b ra n e  [7). W ith  in c rea se  
in  c h o le s te ro l lev e l, th e re  is an  in c re a se  in th e  v a lu e  o f  an iso tro p y  
a t  h ig h e r  te m p e r a t u r e  a n d  d e c r e a s e  in  th i s  v a lu e  a t  lo w
Figure 2. Derivative plot (dr/dt) for the curves presented in Figure I. 
(a) DPPC (10^ M) (b) DPPC : cholesterol (in 1 : 0.25 molar ratio) 
A-A, (c) DPPC : cholesterol : DENA (in 1 : 0.25 : 0.5 molar ratio) o-o. 
Data presented here are the mean of five separate experiments with 
standard deviation of 5%. The scale for the derivative plot of curve 
representing DPPC only (a) has been denoted on the right hand side of 
the graph.
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icinpcrature in the interior o f the lecithin liposomes [8]. Our 
results show that DENA changes the fluidity profile o f the 
cholesterol incorporated DPPC liposome. In presence o f DENA, 
the membrane becom es m ore fluid in the lower temperature 
legion and more rigid in the higher temperature region o f the 
cholesterol incorporated membrane and the corresponding phase 
transition temperature shifts to a lower value from 42.5°C to 
19‘’C as determ ined by derivative analysis [Figure 2J. This 
indicates that DENA probably gets locali/xd in the cholesterol 
rich domain in the DPPC-cholesteroI liposomes.
The electron m icroscopic study shows that DENA also has 
;i fusogenic effect on the liposom es containing cholesterol 
[figure 3]. This increase in size perhaps facilitates the entry of 
DENA into the cell. As liposom es are well accepted model for 
studying the much too complex biological membranes, this study
is quite significant in determining the role o f DENA on fluidity 
profile o f the liposomal membrane. Our study .shows that DENA 
affects the membrane structure besides altering the properties 
of DNA in the process o f making a normal cell cancerous. 
Though this in vitro study has more physical significance than 
a physiological one, the results obtained here may be used to 
interpret the effects that arc observed in vivo.
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Fij»ure 3. Electron microscopic sludy of the effect of DENA on the 
\csicle size of liposomal membranes ol (a) DPPC . cholesterol (in 1 0 25 
molar ratio), (b) DPPC cholesterol . DENA (in 1 0 25 0 5 molar
ratio) The magnification was 5().()(X) x ,1 cm = 2000 A
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